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EIPEEIHENTAL DETIBHINATIOH 0? THE TAWING MOMBNT DUB TO

YAWING OONTRIBUTED BY THB WING, FUSELAGE, AND
VERTIOAL kaL_OI A MIDYWING AIRPLANE MODEL

By John P. Oampbell and Ward O, Mathewe
SUMMARY

Values of the lateral-stadlility derlvative Gnr, the

rate of ckange of yvawing-momeant cosfficient with yawlng
angular velacliiy, contriduted by the wing, the fusslage,
and the vertical tail have been determined ‘for. a midwing
airplane model bty the free-c¢scillation method.

It was found ﬁhat the values of Gnr contridbuted by ..

the vertlical tail and by ths profile drag of the wing were
in good agreement witk theery. The damplng contridbuted
by the wing varied as the square of the lift coefficient,

‘but the actual values were somewhat lower than those pre-

dicted by existing theory. The value of Gnr contributed
by the fuselage appsared to be negligible.

An empirical formula 1s presented for obtaining an
approximate value of O,  for a corventional midwing alr-.

plane,

INTRODUCTION :

In calculating the lateral stabllity of an alrplans, °
difficulty is often experienced in estimaliing values of
the stabllity derivative Cnr. the rate of change of

yavwing-moment coefficient with yawing angular velocity. Al-
though theoretical methods.for obtaining the value of G‘r
contributed by the vertical tall and the wing are gilven in
references 1, 2, and 3, little recent experimental work .
has been done to determine valuee of this derivative. In
order to provide experimental data on the cantridutions of
the wing, the fusslage, and the vertical taill to Gnr-

spome measurements for a midwlng airplane model have been




made in the NACA frée-fllght tunnel. Additional measure-~
ments were made for a resctangular wing of high-1lift seo~-
tion in order to extend the 1ift coeffivlents to the high

values encountered dy full-scaie alrplanes. The results
are presented 1n the present report.

A free-oscillation method similar to that described
in reference 4 was used. The values of Cpn, were direct-
ly determined from the damping of free-yawing oscilla-
tlons, which were obtalned with the models mounted on a
strut that parmitted freedor only 1ln yaw.

SYMBOLS®
Onr rate of change of yewlng-moment coefflcient with
yawing angular veloclty per unit of rb/2v
\ H
aC a(ﬂ\
[2earo (z3)]
Cna rate of change of yawing-moment coefficient with

angle of sigdeslip (3Cn/3B)
11ft coefficlent (L/q8)
ch 1ift coefficient of wing alone

ACLf Increment of 1ifi coefficlesnt due to flap

cDo profile~drag coefficlent (D,/yFf)

CDOw proflle-drag coefflclent of wing alone

AODOf increment of profile-drag coefficient due to flap

Cn yawing-moment coefficient (N/qbSs)

X yawing moment, foot—pounds !

N, rate of change of aerodynamic yawing moment with
yawing angular velocity (3¥/dr)

Nrf - rete of change of friotional yawing moment with yaw- °
ing angular velocity [(3¥/or),]

HW rate of change of aerodynamic yawing moment with an-

gle of yaw (3N/avy)
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k rate of change of restoring moment of torsion spring
with angle of yaw

L 1ift, pounds

Dy Profile drag, pounds . :

a dynamic pressure, pounds per aquaré.foot (%pva)

wing area, équare fe;t -

o _ yawing angular velocity, radlars por second

b . wlng span, feet . o .. :
be flap span, feot -

v alrepeed, foet per sscond

p alr density, slugs per cudbic foot

\ anglp of yaw, radlane

wmax maximum amplltude of yawing oscillation at gero
° tims, radlaneg

Wmaxt maximum amplitude of yawing oscillaetlon at time %,

radians
B angle of sideslip, radiang (-V)
a total 1ogarithmi; decremert or damping factor
'af logarithmic decrement due to frictlon
t time, soconds
T porlod of yawlng osclllation, seconds
A aspect ratio
A taper ratio (ratio of tip chord to root chord)
1 distance from center of gravity to rudder hings line,
feet .
Iy yaving moment of inertile, slug-feet square

kos ki, kg3, k., kp constants s



METHOD

The equation of motion of a system having freedom only
in yaw can be expressed, to e cloge first approximation, as

1, d—¥ (Nr ¥ nrf> (nw‘+ k) v = (1)

The yawlng motlon of the system represented by this
equation can be expressed by an equation of the form

¥ = e7®% (A sin bt + B cos Dbt)

which represents a damped harmonic oscillation where the
ratloc of the maximum amplitudes of successive oscillations
is
V.
o5t L oot
max,

The value of a, the logarithmic decrement or the damping
factor, can be determined from the experimentally recorded
angles of yaw againet time by means of thie relationghip.
which, when transposed, gives

log Vmaz, ~ log Wmazt

a = — 2% _ t (2)

The damping derivative oxpreséeﬁ in terms of the damp-
ing factor 1s .

Ny + Np, = -2Ize . (3)
and the damping derivative due to friction is
. Nrf = -2Igap ) (4)
Oombining equations (3) and (4) gives
' ¥ = -2Iz (a - ag)

or, in nondimonsgional form,

I,V : '
Opn, = - EE%E (a ~ ag) . (5)



A= IO ]

[
The perlod of the yawlng oscillation expressed in
“terme of the coefficients of equation (1) 18
(&)
/gr+N: (N\I’.'-k)
3ly
The effect of frictlionm on tho period 1s negligible. A%
gero alrspesd, when N, and E*_ become zoro, equation
(6) reduces to
T=,_..zﬂ___._
VES
. I,
or
3
I; = - X ()
4

By gubstituting 1in equation (7) %“he value of T at
gero alrepeed, the yawing moment of lnertia Iz can be
obtained for vse iv equation (5).

I{ sbould be noted that the restoring moment of the
toraion spri affocts the perlod of the osclllation
uetica (6)§ but does not affect the damping (equation
(3% It is possible, therefore, tc adjuet the period to
any desired value without affectling tho measurement of

APPABATUS AND PROCEDURE

The investligation was carrled out in the NACA free-
flight tunnal with the apparatus shown in figure 1. The

. upper portion of the strut to whlch the model 1s attached

is moupted in ball bearings and 1s free to rotate within

.the fixed base. The model is therefore free to yaw but is

restrained in roll and pitch. The movadble portion of the
strut 18 hinged to permit adjustments in the angle of at-
tack of the model being tested.

A toreion epring connecting the fixed and movable
portione.-of the strut provides the additional restoring mo-
ment ‘necessary for obtaining short-period yawing oscilla~




tions. It ie important that the period of the ‘oecilla-
t1ons be felrly short to insuré a well~defined oscillatlon
envelcpe and therefore to permlt an accurate measurement
of damping.

The airplanse model used in the tests 1s shown in fig-
ures 1 and 2. Ths wing of the model had an aspect ratilo
of 6.7 and a taper ratio of 0,40, and was equipped with
partial-span spllit flaps deflected 60°. Two vertical
talls, shown in figure 2, were used on the model. The

- model was mounted on the strut with i1te center of gravity

on the axls of rotation.

The rectangular wing usod in the investigation had an
aspoct ratio of 6 and an MACA 103 airfoll section. This
alrfoll section was used becauss of 1te bhigh maximum, 1i1f$%
coefficiont at the low Reynolds numbers of tho freo-flight-—
tunnel tests. For esome of thue tests the wing was fltted
with a spllt flap 20 tercent of ths wing chord and 60 per-
cent of the wing span.

The alrplare model -was tested at dynamic pressures of
1.9 and 4.1 pourds per square foot., ¥ou avpreclable change
ia Gnr was noted with veriation in dynamic pressure.

The rectangular wing wes tested only at & dynamic pressure
of 1.9 pounds per square foot becruse of excessive vibra-
tion of the wing at higher values of dynamic pressure.

The testing procedure consisted cimply in yawlng the
model apdroximetely 10°, reloaging 1t, and recording the
resultling csclilationsg with a motion-picture cemera mount-
ed on top of the tunnel.

The friction of ths system was determined from tests
at zero airspeed with the modoels replaced by flat lead
woelghts on long rods. These weighta were adjusted to sim-
ulate the yawing moments of inertia of the models and were
alined with the plamne of rotation to give negliglble air
damping, In tests of the airplane model at zero alrspeed -
with verticel tail reroved, essentially the same damping
was obtained as in the friction teste. 1t appeared, there-
fore, that a tall-off run at zero airspeed could be satis-
factorily used to replace the special frlction tests with
lead weilghts.

The peaks of the oscillations recorded by the camera
were read from the film record and plotted sgainet time.
The netural logarithms of the faired peaks were then plot-
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ted egainst time and the slopes of the resulting stralght
lineé wére graphical reprosentatlons of -the logarithmio
deorements a and ap. The numerical values for &a and
ap were determined from the slopes by equation (2) and
these values were subsbtituted in equation (5) to obtain
Gnr.

- Lift and drag coefficlents and yawing-moment coeffi-
clents due to sldeslip were determined by tests on the
six~component balance in the tunnel for use 1ln correlat-
ing the measured values of Onr with the theoretical de-
rivatives. '

THEORBTICAL DAMPING DERIVATIVES

The value of Cn,, for a complete alrplane may be as-

sumed to be made up of directly additive contributions of
the vertical taill, wing, and fuselage, 1f interfersnce of-
fects are neglected; that is,

Cn, = Acnr(tail) ¥ Acnr(wing) + Acnr(fuselage)

1t can be shown that the contridbution of the vertical
tail 1s

LA (8)

AC = - c
De(tail) P “pB(tail)

For a wing witﬁout flaps %

2\ ¥ 3

———

Simple integration for X, ylelds

1 + 3A
K, = -0.33 (=% 22
° 0.38 (2 + 2A (s)

Values for K, are given in figure 13 of reference 2,
which may be represented by the equation

Ky = -0.051 (1 ~A=6_ 1A (10)
13 2.5

The value -0.031 48 for a rectangular wing of Qspect



ratio 6.0, Glauert, in reference 1, gives a value of
~0.024 for this conditlon.

For a wing with partial-span flaps extended, the
profile-drag term KOODO becomes

K G = X0 + K.A0 (11)
o°p, o2, £ Dof |
where .
b 4 - 3-75 (1 - ) :
= e .3 -
K¢ 0.33 (.b) =+ (12)

and the induced-drag term chLa -takes the form

3 2 '8
'KIGL = chLH + KaAchGL' + KaAGLf

(13)
Values for K, and Ky are given in figuree 12 and
13 of reference 2, but ths value for Kz 18 not given in
thie reference and 1is apoarently not avallable from other
sources., lInasmuch as Acﬂr(wing) for the flaps-extended
condition cannot be computed without the value of Kz, 1%

appears deslirable to prepare additional charts for this
faoctor.,.

Calculations of reference 5 indicate that the theoret-
ical value of Abnr(fuselage) 19 gero for fuselages that
are ellipsesoidal in ghape.

RESULTS AYD DISCUSSION

Contridbution of Vertical Tall to OCn,

Values of Up, for the complete model with partial-

span flaps extended are given in figure 3 as a function of
vertical-tail size. Values of Acnr(tail) are ohtained

directly frem the data 1n figure 3 by subtractling the
value of Onr with teil off from the values of Gnr with

tail on. The line drawn on the figure was computed from
equation (8) and was based on the measursd values of
Aqnﬂ(tail) given 1in the table on figure 2. The agreement
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between the test points and this computed line 1s an 1ndi-
cation that the contribution of the vertical tall to cnr
for a midwing alrplane can-be-computed with reasonable ac-
curacy from the theoretical relation gilven in equation
(8). TFor high- or low-~wing airplanes a correction factor
mlght be necessary for this relation because the sidewash
at the tall, which varies with wing position, causes dif-
ferent changes in AC a AC .

& 28(tail) O Br(tall)

Contribution of Fuselage to Onr i

The data of flgure 4 show the varlation of Op, with

11f% coefflcient for the fuselage~wing combination and for
the rectangular wing with partial-span flaps extended.
The valus of Gnr for the fuselage and wing varied from

~-0.014 to ~0.028 over the 1ift range covered in the air-
plane model tests.

A comparison of the Cn, values for the fuselage-

wing combinaticn with the values for the rectangular wing
with flaps extended (fig. 4) 1ndicates that the fuselage
bhad a negligible effect on Gnr. Although 1t appears from

a diresct comparison cf the data that the fuselage sllight-
ly reduced c“r' this apparent reduction was probabdly

caused by the difference in plan form and by the greater

profile drag of the rectangular wing. Other recent tests,

the resulte of which are unpublisehed, have indlicated val-

ues of AC, ranging from -0.003 to -0.006. It
r(fuselage)

appears, therefore, that the fuselage contribution to O,

. r
1s normally small enough to be neglected.

Contribution of Wing to OCp

Variation of Acnr( 1ng) with 1ift coefficlent.- The

data of figure 5 show that Acnr(wing) for the wing with

flaps retracted varied as the square of the 1i1ft coeffi-
clent, as predicted by theory, but that the wvalue of K,
vag smaller than the ¥alue predlcted by either reference 1l
or reference 2. The experimentally determined value of
K, for the rectangular wing was -0.030; whereas reference
l predlicted a velue of -0.024 and reference 2, a value of
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-0.031, It appears that the value of -0.031 given by ref-
erence 2 and used in equation (10) 18 too large and should
be replaced by -0.020.

The variatlon of Onr with 11ft coefficlient for the

wing with partial-span flaps extended (fig. 4) differed
from the variation with flaps retrected in that the mini-
mum value of Cnr vas obtained at a small posltive 11ft

coefficient rather than at gzoro 1ift. Tkie result, which
18 also indicated by equation (13), is due to the fact

that at gzoro 1li1ft the center flapped sectlon 1s developing
positive 1ift, the tip soction 1s developlng unegative 1lift,
and both are coantriduting to Gnr. Inasmuch as no calcu-
latod value for the constant K; was avallable, no corre-

lation of the theoretlical and experimental varlation of
Acnr(wlng) with 11ft coefflcient could be made for the

flaps-extended conditlon.

Variation of AC, vlth profile drag.~ The

r(wing)
value of Gnr for the wing with flaps retracted at zero

11f{ was about -0.007, as shown in figure 5. The proflle-
drag coefflcient cDo for the wing, as measured on the

balance in the tunnel for the sama conditlon, was 0.024.

From these two values, X, 18 found to be 1%&%%% or

~0.29. Equation (9) yileldr 0.33 a3 the thneoretical value
for Ko for a rectangular wing. It avpears that the cal-
culated and the experimentally determined values of K,
are in falrly good sgrsesement.

¥ith the partial-span flaps deflected on the rectangu-
lar wing, the value of Gnr due to profile drag can be ob-

talned from the value of Gnr et the 11ft coefficient

glven by the flap. TFor the wing tested, the flap gave an
inerement of 1lift cosfficient of 0.60., From flgure 4 at a
1lift coefflcient of 0.60 ths value of Gnr was ~0.,017.

Combining equations (1l1l) and (13) and eliminating terms
containing ch' because ch =0 at O = 0.60, gives

C. = K.C + KeAC + K, ACr 2
n oD £8%, k3 401,

r v

LI Y g ]
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The value K 0p vag ~0.007 from the wing-alone tedt;
o Oy

40p,  was 0,080 fror force tests; K vas -0.072 from
s

equation (12); and X, was -0.0092 from reference 3. Then,
for a walue of AOLf of 0,60,

On

-]
» = =0.007 + (-0.072x0.080) + [-o.ooszx(o.so) ]

-0.007 -0.006 —0.003

= -0,016

This result is in good agreement with the measured value of
~0.017. The magnitude of all ¢of these factors 1s small,
however, compared with the contribution of the tail surface.

Determinatior of Cpn, for Complete Model

The following empirical formula, which was derived
from test results, shoulid give a fair approximation of the
value of Gnr for a coaventional midwlng alrplane:

73 A6 1
Oy = =(25 Magryanyy) = | 033 (330) 0n, +0-020 (1 - 53 - 173 %B]

CONCLUDIEG REMARKS

The free-oscllliation method of determining damping in
yaw is coneildered very satisfactory in that it provided
reasonably accurate results quickly and easlily. The follow-
ing concluslons wers drawn from the results of the free-
osclllation tests 07 the midwing airplane model and the rec—
tangular wving model:

l. The experimental values for the yawing moment due
to yawlng contributed by the vertical tail were in good
agreement with the caloculated valuss.

2. The values of the yawing moment due to yawling
contributed by the wing varied as the sgquare of the 1ift
coefficlont but were lower than those predicted by theory.




123

3. The value of ths yawling moment due to ‘yawing con-

tributed by the profile drag of the wing was approximately
the same as the theoretlcal value, -

4, The contridutlion of the fuselage to the yawing

momert due to yawing wes negligible compared with the
value for the complete model.

5, The test results indicated that a falr approxima-

tion of the value of the yawlng moment due to yawlng for a
conventional midwing airplane could be obtained from an
enpirlcal formula.

Langley Memorial Aeronautical Laboratory,

2,

National Advisory Committee for Aeronautics,
Langley Fileld, Va,
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Figure 1l.-Midwing airplane model mounted on yaw sirut for damping tests in the NACA
free-flight tunnel. :
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Figura 2.- 5ide elevation of mod-l uscd in jamping teste in NATA free-flight tunnel.
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Tigure 3.- Variation of damping in yaw with vertical-tall effective~
ness. Midwing airplane model; flaps extended; Cy = 1.0.
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